Background: The Night Eating Diagnostic Questionnaire (NEDQ) is a validated assessment of the night eating syndrome (NES) based on the proposed diagnostic criteria. While past results show that NEDQ is associated with psychopathology and body mass index (BMI), the relationships between the proposed NES diagnostic criteria and psychopathology and BMI have not been investigated. Thus, the relationships between the proposed NES diagnostic criteria and factors previously associated with NES, namely depression, "food addiction" (FA), sleep quality, and BMI were examined. Finally, the NEDQ factor structure was examined for the first time in order to determine whether the NEDQ is assessing NES appropriately. Methods: The NEDQ, depression, sleep quality, and FA questionnaires were administered to a sample of older community members (n = 468) and a student sample (n = 254). Principal Components Analysis (PCA) was performed to examine the factor structure of the NEDQ. The relationships between the proposed diagnostic criteria and depression, sleep quality, FA, and BMI were examined using multiple regression. Results: The proposed NES criteria were highly intercorrelated. PCA revealed a single factor solution for the NEDQ. In the community sample, depression was associated with the presence of five of nine proposed diagnostic criteria while poor sleep quality and FA were associated with the presence of seven and six criteria respectively. In the community sample, only the sleep problems and impairment/distress criteria were positively associated with BMI. In the student sample, fewer criteria were associated with psychopathology, and no criteria were associated with BMI. Conclusions: These findings support the proposed criteria for diagnosis of NES. All proposed criteria were associated with at least one psychopathology measure. BMI was only associated with the sleep problems and impairment/distress criteria in the community sample. The PCA finding of a single factor indicates that the NEDQ is a cohesive assessment of NES, and that the NEDQ is a good measure of NES criteria.
Plain English Summary
Night eating syndrome is a proposed eating disorder, in which people may wake up from sleep and often eat to help them go back to sleep. They also eat more than a quarter of their daily food consumption after the evening meal and usually skip breakfast. Night eating has been associated with depression, emotional eating, sleep problems, and food addiction as well as with being overweight or with having obesity (especially as people age). There is some question about the best ways to diagnose night eating. In this paper, we examined the characteristics of a relatively new questionnaire for diagnosis called the Night Eating Diagnostic Questionnaire (NEDQ). We asked 722 women and men to complete a series of questionnaires to determine whether the NEDQ accurately measured all of the proposed criteria of the night eating syndrome, and whether these criteria were linked to depression, sleep problems, food addiction, and body weight. The results showed that the NEDQ assesses all of the night eating criteria. The night eating criteria were linked to higher depression scores, more sleep problems, and more food addiction symptoms, especially in older people. Body weight was associated with night eating only in the older sample.
Background
Night eating syndrome (NES) is a proposed eating disorder that is characterized by evening hyperphagia and/ or nocturnal eating and associated with insomnia and morning anorexia [1, 2] , and awakening from sleep to eat [3] . NES prevalence is similar for women and men and is more common in patients with insomnia, obesity, and other psychiatric disorders although most reports are not based on population-based prevalence data [4] . Proposed diagnostic criteria have been developed which require the presence of several of the above features [1] . The core NES criteria include having at least 25% of daily food consumption after the evening meal (evening hyperphagia) and/or the presence of waking in the night to eat (nocturnal eating) [1] . At least 3 of the 5 following criteria should also be present: lack of desire to eat breakfast (morning anorexia), depressed or worse mood in the evening, strong urge to eat between dinner and sleep onset (or during the night), a belief that one must eat in order to fall asleep, and/or sleep onset/maintenance insomnia (sleep problems) [1] . Finally, these symptoms should occur in the absence of the unconscious sleep-related eating disorder, i.e. awareness of eating behavior is present, and in the presence of personal distress and/or impairment associated with the night eating [1] . The Night Eating Diagnostic Questionnaire (NEDQ) was revised to assess NES using these proposed criteria [5, 6] . The NEDQ allows for the assessment of each diagnostic criterion. Additionally, a hierarchical scoring method has been developed to assess the absence of NES (0) and mild (1), moderate (2) , and fullsyndrome night eating (3) based on the presence of specified criteria [6, 7] . The NEDQ has recently been validated in a university student sample and in a community sample against the Night Eating Questionnaire (NEQ) [7] , an older validated measure which produces a continuous score of NES symptom severity [8] but may not, in its current form, directly assess each of the proposed NES criteria [6, 7] . Furthermore, a higher score on the NEDQ has been associated with elevated depression and low self-esteem in adults with obesity [5] and with higher emotional and external eating and poorer sleep quality in university students [9, 10] . NES as reflected by the NEDQ score is associated with elevated depression, poorer sleep quality, elevated "food addiction" (FA) score, in both university students and older community members although the relationships were stronger in the older sample [7] . Most research on NES (often utilizing the NEQ) is limited to examining correlations between symptom severity (e.g., NEQ total score as a continuous variable) and other variables (such as BMI and depression). Other studies compare the characteristics of those who have met the criterion for NES (e.g., NEQ score ≥ 25) to those who have not. These studies do not allow for the assessment of the inclusion of the proposed criteria or for the examination of the relationship of the proposed clinical diagnostic criteria to psychopathology. There has been increased interest in NES in the past 10 years and the call for additional support for the proposed diagnostic criteria remains highly relevant [11] given that little published work has examined the proposed NES diagnostic criteria. Finally, the factor structure of the NEDQ has not yet been reported. Analysis of the factor structure would allow for the assessment of the degree to which all of the proposed diagnostic criteria are relevant and might suggest further refinements to the NEDQ.
The present study had several purposes: the first was to determine to what extent the key proposed diagnostic criteria of NES as measured by the NEDQ load onto one or more components using principal component analysis. The second was to examine to what degree the presence of each of the proposed diagnostic criteria is associated with depression and sleep quality (given the association between NES and both depression and sleep quality) and with FA given its relationship with a variety of eating disorders [12] . Because we previously showed that NEDQ score (based on number of symptoms) is associated with these psychopathological factors [7] , our aim was to see how the individual criteria were related to these psychopathological factors. These analyses would allow us to determine the relationship between proposed diagnostic criteria and psychopathology as well as provide a measure of the cohesiveness of the proposed NES diagnostic criteria. Finally, we also examined which of the NES criteria were associated with elevated BMI. Elevated BMI has sometimes been associated with NES, particularly in clinical samples [4, 8] . In previous studies [9, 13] and in the present community (but not student) sample, NEDQ score was positively correlated with BMI [7] .
Method

Participants
Participants included community members (n = 468) who participated via an online survey (Qualtrics, Provo, UT) and university students who were tested in a university laboratory (n = 254). Both samples of participants were predominantly comprised of persons who identified as white (approximately 80%). One quarter of community members volunteered to participate via the university staff email distribution list while the remainder were recruited and paid for their time via Qualtrics sample service. Student participants were compensated with research experience credits, which they were required to accumulate as part of an introductory psychology course. Sample characteristics are reported in Table 1 . In the process of validating the NEDQ, the relationship between depression, sleep quality, FA, BMI, and NEDQ in these samples has been published [7] . The relationship of these psychopathology variables using the NEQ as a measure of NES symptom severity has also been published for this student sample and a subset of this community sample [14] .
Measures
Night Eating. The Night Eating Diagnostic Questionnaire (NEDQ) [5] includes 22 questions (often yes/no) and is designed to assess the presence of each of the proposed criteria for diagnosis of NES [1, 6] . The criteria assessed by the NEDQ and the hierarchical scoring method (not used in the present study) are presented in Table 2 . Internal consistency is not assessed because the NEDQ is a symptom checklist. The first version of the NEDQ [6] , was based on Stunkard et al. [2] and was subsequently revised to reflect the NES criteria proposed by Allison et al. [1] . Convergent validity with the NEQ has been demonstrated [7] . The NEDQ has been utilized in a variety of populations. Based on the NEDQ, the prevalence of NES in adults with obesity ranged from 8.3% in patients treated with gastric bypass surgery [15] to 14.0% for those in a 1) At least 25% of food intake is consumed after the evening meal.
2) At least two nocturnal eating episodes per week.
B. Awareness and recall of evening and nocturnal eating episodes are present.
C. At least three of the following.
1) Lack of desire to eat in the morning and/or breakfast is omitted four or more times per week.
2) Presence of a strong urge to eat between dinner and sleep onset and/or during the night.
3) Sleep maintenance and/or onset insomnia are present four or more times per week.
4)
Presence of a belief that one must eat in order to initiate or return to sleep.
5)
Mood is frequently depressed or mood is worse in evening.
D. The disorder is associated with significant distress and/or impairment in functioning.
E. Maintenance of disordered eating for at least 3 months.
F. The disorder is not secondary to substance abuse or dependence, medical disorder, medication, or another psychiatric disorder.)
Experimental Hierarchical Scoring 0. Non-NE = normal (does not meet any criteria category below)
1. N = mild night eater has at least 1 criterion from A (but does not meet criteria for NE or NES) 2. NE = moderate night eater has at least 1 criterion from A plus ≥3 of 5 qualifiers from criteria C (but does not meet criteria for NES)
3. NES = full syndrome night eater has at least 1 criterion from A plus ≥3 of 5 qualifiers from criteria C plus D and E weight loss program [5] . In studies of convenience samples of university students, the prevalence based on the NEDQ was reported to range from 1.2% [16] and 2.4% [14] to as high as 5.7% [9] . In a study of Turkish university students, 9.5% met the criteria for NES based on the NEDQ [17] . The only study of a national convenience sample of adults using the NEDQ found a prevalence of 9.4% [7] .
Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) is composed of 19 Likert-type items to assess sleep habits during the previous month [18] . High scores (total scores can range from 0 to 21) indicate poorer sleep quality. For the present study, internal consistency (Cronbach's alpha) was 0.67 for the student sample and 0.84 for the community sample. The PSQI has seven subscales which measure overall subjective sleep quality, sleep disturbance, sleep duration, sleep efficiency, sleep latency, dysfunction in the daytime due to sleepiness, and frequency of drug use (over-the-counter and prescription) to promote sleep.
Depression
The Zung Self-report Depression Scale (SDS) consists of 20 Likert-type questions (half positively phrased, half reverse-scored negatively phrased) to which the participant responds on a 4-point Likert-type scale [19] . The total score ranges from 20 to 80 with a score above 50 common in depressed persons [20] . In the present study, internal consistency (Cronbach's alpha) was good with values of 0.85 for the student sample and 0.86 for the community sample. In all analyses, the SDS was entered as a continuous variable.
Food addiction
The Yale Food Addiction Scale (YFAS) was designed to evaluate "addiction" toward foods according to the DSM-IV criteria for substance dependence [21] and is widely used. It is composed of 25 Likert-type questions.
In the present study, internal consistence (Kuder-Richardson's alpha) was 0.86 for the student sample and 0.96 for the community sample. The YFAS is scored by counting the number of proposed diagnostic criteria that are met (0-7). In the analyses presented below, the YFAS was entered as a continuous variable (number of symptoms).
Procedure
The Wagner College Human Experimental Review Board approved all experimental procedures, and all participants provided informed consent. Potential participants were asked to take part in a study examining "eating and sleeping habits" [7] . For the student sample, questionnaires were administered in alternating order in paper booklets with demographic questions presented after the psychological measures. Students were tested in groups, and each student completed the questionnaires while seated alone at a table. The height and weight of each student were measured using a stadiometer and digital scale, respectively, after the questionnaire booklet was completed. For the community (online) sample, questionnaire administration was similar, except heights and weights were selfreported after completion of the psychological questionnaires. In order to determine eligibility for the study and to ensure gender balance, the participants who were recruited by Qualtrics were first asked their age and gender. At the end of the test session (whether online or in laboratory), the participants were debriefed as to the purpose of the study.
Analysis
All statistical analyses were performed using IBM SPSS (version 24) unless otherwise stated. In order to determine which proposed diagnostic criteria were present, responses to the NEDQ items were scored in a binary fashion to determine the presence (score = 1) or absence (score = 0) of the NES criteria for the past 3 or more months. When performing principal components analysis (PCA) with dichotomous variables, there is a risk of bias toward more factors if it is performed using Pearson product-moment correlation coefficients [22] . The tetrachoric correlation coefficient was developed to calculate the correlation between dichotomous measures of theoretically underlying continuous variables [23, 24] . Thus, a matrix of tetrachoric correlations for the proposed NES diagnostic criteria (generated using STATA version 13.1) was used for the PCA procedure. Parallel analysis [25] was used to confirm the number of factors extracted using the online Parallel Analysis Engine [26] . Parallel analysis is the preferred method of selecting factors which compares the observed eigenvalues with those obtained from Monte-Carlo simulated matrix created from random data of the same sample size, thereby reducing the chances of selecting factors that have an eigenvalue above 1 by chance [27, 28] . In parallel analysis, components are retained when the obtained eigenvalue is greater than expected values from 100 randomly generated correlation matrices.
Multiple regression was performed to examine to what degree each of the proposed diagnostic criteria was associated with psychopathology (i.e., depression and FA as well as sleep quality). Multiple regression was also used to examine which of these criteria was associated with BMI. For BMI, age was entered into the model as a predictor along with the proposed diagnostic criteria because it is an associated factor with the relationship between BMI and NES symptom severity [29] . Because the relationships between NDEQ scores and psychopathology and BMI measures were stronger in the community sample than they were in students [7] , separate analyses were performed for each sample when examining how the presence of NES criteria predicted psychopathology and BMI. Standardized beta coefficients are presented for all analyses. Collinearity was low (VIF values < 1.2) for all regression analyses.
Results
Symptom frequency
Of the proposed diagnostic criteria, depressed mood later in the day was the most common in the entire sample; 51.9% reported that their mood was lower in the afternoon or evening. Morning anorexia was reported by 50.0% while 46.0% experienced urge to eat between evening meal and sleep, 38.4% reported sleep problems, 18.0% reported evening hyperphagia, 10.5% reported nocturnal eating, and 5.5% reported feeling that they needed to eat in order to sleep. 9.6% reported awareness of their night eating and 17.5% reported feeling distressed or impaired by it.
Principal component analysis
The tetrachoric correlation matrix for the proposed diagnostic criteria was similar for the samples of students and community members, so they were pooled for the PCA. The results revealed significant positive correlations among the proposed NES diagnostic criteria (see Table 3 ). The Kaiser-Meyer-Olkin measure of sampling adequacy was .76, and the Bartlett test of sphericity was highly significant (X 2 28 = 4241.7, p <. 001), indicating acceptability to perform the PCA. The PCA revealed that there were three components with eigenvalues above 1 (and one more just below 1), with the first contributing 47.1% and the second and third contributing 12.2 and 11.1% of the variance, respectively. However, the shape of the scree plot suggested only one significant component, which was confirmed by parallel analysis (see Fig. 1 ).
Multiple regression analyses for proposed NES diagnostic criteria Depression
The regression model predicting depression score from all proposed diagnostic criteria was highly statistically significant in the community sample, F(9, 458) = 28.34, p = .000 (adjusted R-squared = . 35) , and in the student sample, F(9, 240) = 10.02, p = .000 (adjusted R-squared = .25). In the community sample, the proposed diagnostic criteria associated with higher depression scores included evening hyperphagia, lower mood later in day, sleep problems, morning anorexia, and distress (see Table 4 ), but in the student sample, only morning anorexia, lower mood later in day, and sleep problems were associated with depression score (see Table 5 ).
Sleep quality
The regression model predicting sleep quality from all proposed diagnostic criteria was highly statistically significant in the community sample, F(9,456) = 52.69, p = .000 (adjusted R-squared = .50), and in the student sample, F(9, 240) = 10.75, p = .000 (adjusted R-squared = .26). Poor sleep quality was associated in both samples with morning anorexia, low mood in evening, and sleep problems. However, evening hyperphagia, need to eat in order to sleep, awareness of night eating, and distress/impairment were associated with poor sleep quality only in the community group (see Tables 4 and 5 for regression coefficients).
Food addiction
The regression model predicting FA from all proposed diagnostic criteria was highly statistically significant in the community sample, F(9,458) = 22.09, p = .000 (adjusted R- 29 ) and in the student sample, F(9,240) = 3.90, p = .000 (adjusted R-squared = .10). In the community sample, all of the proposed diagnostic criteria except the belief that one must eat to sleep, morning anorexia, and awareness of night eating were associated with more FA symptoms (see Table 4 ). In the student sample, nocturnal eating, urge to eat between dinner and sleep time, and distress/impairment were associated with more FA symptoms (see Table 5 ).
Body mass index
The model predicting BMI from all proposed diagnostic criteria was statistically significant in the community sample, F(9,449) = 2.54, p = .008 (adjusted R-squared = .05; see Table 4 ). Only sleep problems and distress/impairment were associated with higher BMI. The inclusion of age did not alter the outcome. The model was not statistically significant in the student sample, F(9,240) = 0.43, p = .917 (adjusted R-squared = −.02; see Table 5 ). Given the very restricted age range in the student sample, age was not entered into the regression model.
Discussion
The results of the PCA indicated that the NEDQ assesses a single construct, which supports the proposed diagnostic criteria as providing a cohesive diagnosis for NES. The factor structure confirms that the NEDQ assesses the NES criteria as intended, and that revisions to the NEDQ are not necessary at this time. The analysis of proposed diagnostic criteria showed that in the community sample, five of the proposed diagnostic criteria were associated with elevated depression, six with FA, and seven with lower sleep quality. The criteria associated with all psychopathology included evening hyperphagia, depressed mood later in the day, and sleep problems (see Table 6 for a summary). Thus, the positive relationships between NES (based on NES severity by NEQ and by NEDQ score) and these psychological factors, which have been previously reported, are also present for most of the proposed diagnostic criteria. Poor sleep quality was associated with most of the criteria, which is not surprising given that one of the salient features of NES is nocturnal food consumption, which would be disruptive of sleep. Furthermore, poor sleep quality is associated with several psychopathologies [30, 31] . Allison et al. [32] , using the NEQ, reported support for the core diagnostic features of late eating and nocturnal ingestion as well as for sleep disturbances such as initial insomnia and nocturnal awakenings, using item response theory analysis. However, they reported that morning anorexia did not differentiate those with night eating. The current findings show that morning anorexia is correlated with the other criteria (although with fewer of them than the other criteria) and associated with poor sleep quality and higher depression scores when the other criteria were present in the multiple regression analysis. These results suggest that morning anorexia should remain as one of the five optional NES diagnostic criteria as proposed [1] . Finally, the distress/impairment criterion is associated with all psychological measures and BMI in the community sample. In university students, FA was associated with evening hyperphagia and craving to eat in the evening. Depression and poor sleep quality were associated with morning anorexia, depressed mood later in the day, and sleep problems. Furthermore, in students, psychopathology was less associated with the core features of NES and the distress/impairment criterion. For each criterion, students had fewer associations with psychopathology; there were no associations in students that were not present in the older community sample. Thus, students may exhibit a milder, incomplete form of NES consistent with onset appearing in late adolescence and early adulthood [4] . It is also likely that some of the differences between the students and community samples were due to the lower frequency of BMI values ≥25 in the student sample. It has been suggested that NES may contribute to increased weight over time [33] which may be why BMI is only related to the proposed NES diagnostic criteria in the community adult sample.
In this study, FA was associated with the presence of the core criteria of NES, in addition to several others, as well as psychological distress/impairment from night eating. FA has been associated with eating disorders and subclinical problem eating as well as higher BMI [12] . However, the concept of FA is controversial. Advocates of FA suggest that some foods (e.g., energy-dense "processed" highly palatable foods) generate addiction-like behaviors in those who ingest them [20] . Some critics prefer an alternative description that focuses on the behavior (i.e., "eating addiction") and suggest there is little evidence that food is an addicting substance, and that overeating may be a form of habitual food "abuse" [34] or represent a possible food use disorder [35] . In addition, there may be a lack of evidence to conclude that FA is a distinct entity that explains overeating [36] . Nonetheless, there has been growing interest in FA in the scientific community [37] .
Only the sleep problems and distress/impairment from night eating criteria were associated with elevated BMI (and only in the older community sample). This finding is consistent with previous research, which shows that poor sleep quality [38] and short sleep duration [39] are each positively correlated with BMI. These results suggest that nocturnal eating and other core features of NES may not contribute to higher BMI. However, BMI was associated with the presence of subjective problems due to night eating itself. Elevated BMI has been associated with NES symptom severity as measured by NEQ score [13] and NEDQ score [7] , but NES is not consistently associated with BMI in the general population and rarely in students. While BMI has been weakly associated with NEQ score in college students in Germany [40] , this association has not been found in US student samples [9, 14, 41] . NES was prevalent but not related to obesity in a population-based study of Australian adolescents [42] . Although a weak significant correlation with BMI has been found (using the NEQ) in general population adults in Germany [29] and the US [14] , usually the relationship is stronger and more consistently found in clinical populations [8] . NEDQ score has also been weakly, but significantly positively associated with BMI in a community-based sample, but the relationship was not found in students [9, 16] . For selfrecorded daily food intake, those with NES were found to consume a daily energy similar to control participants but to exhibit a shift of that energy to later in the day [43] . Thus, the relationship between NES and BMI may have more to do with when energy is consumed than the total amount. The NES pattern of food intake is manifested similarly in those of normal weight and in those with obesity [33] .
Our interpretations of these results have some limitations. The data were obtained from convenience samples. Although we were able to compare different age groups, the conclusions are limited by the crosssectional design. Only a longitudinal study would allow for the examination of developmental processes in regard to NES, psychopathology, and BMI. The samples tested allow for good generalization to older members of the population and to university students, with the possible exception of populations with more diverse ethnicity. Because the community sample did not include persons below 21 years of age, the results have limited generalizability to young adults who are not enrolled in higher education. Data from students were obtained in person with anthropometric measures for BMI, whereas data from community members were obtained via online surveys with self-reported weight and height to compute BMI. However, care was taken to ensure the reliability of online data, and self-reported weight and height are highly correlated with measured height and weight and BMI [44] . In addition, the prevalence of overweight and obesity in the community group was consistent with published rates in the general population [45] . Another limitation is the lack of an inclusion of a binge eating measure to exclude those who might meet the criteria for binge eating disorder (BED). While BED and NES are distinct entities [46] , up to 25% of those diagnosed with NES using the NEQ may also meet the criterion for BED [1] . The incidence of BED in those diagnosed with NES using the NEDQ is unknown. Persons with NES, like those with BED, may report a loss of control during their nocturnal eating episodes, but the amount they eat does not appear to resemble a binge in size [46] . Furthermore, unlike those with BED, the loss of control over eating appears to be restricted to the nighttime for those with NES [46] . Finally, these findings are limited by the lack of inclusion of variables related to NES such as self-esteem, anxiety, and stress [2, 5] .
Conclusions
The results of this study show that the NEDQ has a single factor structure, which supports the validity of the proposed diagnostic criteria for NES. Furthermore, the associated psychopathology was linked to each of the proposed diagnostic criteria in a community sample (more so than in the student sample) suggesting that psychopathology is not only linked to overall symptom severity but to the presence of specific clinical features of NES. BMI was not associated with core features of NES; however, BMI was associated with sleep problems and night eating related distress/impairment. The results support the use of the NEDQ as an accurate and cohesive diagnostic tool for NES. 
